A high efficiency, low background counting setup has been made at TIFR consisting of a special HPGe detector (∼70%) surrounded by a low activity copper+lead shield. Detailed measurements are performed with point and extended geometry sources to obtain a complete response of the detector. An effective model of the detector has been made with GEANT4 based Monte Carlo simulations which agrees with experimental data within 5%. This setup will be used for qualification and selection of radio-pure materials to be used in a cryogenic bolometer for the study of Neutrinoless Double Beta Decay in 124 Sn as well as for other rare event studies. Using this setup, radioimpurities in the rock sample from India-based Neutrino Observatory (INO) site have been estimated.
Introduction 1
Understanding and minimization of background plays a very important 2 role in rare decay studies like Double Beta Decay (DBD). For such rare 3 physical dimensions of the detector can be determined by radiography [9, 28] 78 but the active volume of the detector may differ depending on the electric 79 field configuration inside the crystal [14] . Precise measurements of photopeak 80 efficiencies using radioactive sources give better estimates on the actual active 81 volume and the surrounding materials of the detector. In the present case, 82 radiography of the setup was not possible and hence mono-energetic sources 83 covering an energy range of 59.5-1115.5 keV were used to scan the crystal.
84 Table 1 gives the details of various sources and source geometries used in the 85 present work together with respective gamma ray energies. to-digital converter through a spectroscopic amplifier (shaping time : 10µs).
108
Data was recorded with a CAMAC-based acquisition system, LAMPS [29] .
109
Dead time correction was done using a standard 10 Hz pulser. Figure 2 Figure 1b .
137
The inner radius of the hollow cylinder is taken to be that of the hole (h)
138
and the outer radius is R. (n points) corresponding to each source [32] using Eq. 1,
where, exp E (r i ) represents the measured absolute photopeak efficiency at r i for 158 a γ-ray of energy E γ and M C E (r i ) is the corresponding simulated efficiency.
159
In the second method, following the procedure as in [12, 13] to give similar 160 weightage to E for different energies, the total relative deviation between 161 measured and simulated efficiencies is calculated as defined in Eq. 2,
where n 1 is number of points in each data set and n 2 is number of data sets 163 corresponding to different energies or scans. 1115.5 keV, the h opt was found to be 7.5±0.6 mm. As mentioned earlier, 230 the bottom dead layer b opt was set to the difference between L m and L opt . Table 2 gives a complete list of optimized parameters of the detector. Errors 
231

248
A comparison of data and simulation results for radial scans at d ∼10 cm
249
(E γ =122.1, 1115.5 keV) is shown in Figure 9 . Though the overall fit is good
250
(σ R =2.8(3)%), the simulated spectra seems to slightly overestimate the data 251 at higher energies (see Figure 9 ). For both the close geometry and distance data of E γ =59.5 keV, the σ R worsens to ∼8.37(4)%. 137 Cs volume source (E γ =661.7 keV) at d=15 cm (right panel) together with the simulated spectra (blue) after folding in energy resolution of the detector. The room background has been added to the simulated spectrum for comparison.
Low background measurements
280
As mentioned in the beginning, the low background counting setup is de-281 signed for screening materials for cryogenic bolometer. These measurements 282 are usually of long duration (several days) and stability is very important.
283
The gain stability of the system is monitored and drifts are found to be neg- reduced by a factor of ∼800(60) and ∼200(19), respectively. for RPC in ICAL detector [38] have also been studied. Figure 13 shows a 302 spectrum of the rock sample in a close geometry together with the background 303 spectrum, clearly indicating higher 40 K content in the sample. Table 3 shows background counting setup will be used for qualification and selection of 320 radio-pure materials to be used in the prototype bolometer R&D and for 321 rare event studies. 
